Introduction
A neutral substance, convertible to an acid auxin, is present in various plant extracts (5, 9) and chemical preparations (9) . As indicated by a number of biological tests, the neutral substance is in all likelihood 3-indole acetaldehyde and will for convenience be designated by this name in the present paper.
In a previous paper (11) it was shown that 3-indole acetaldehyde is rapidly converted to indoleacetic acid in excised Avena coleoptiles and in fresh, but not in boiled, coleoptile juice. It was concluded that the conversion is caused by an enzyme system present in the coleoptiles. The indole acetaldehyde used in those experiments was prepared from tryptophan and isatin using a method described previously (9, p. 85).
GORDON and NIEVA (5, 6), using indole acetaldehyde extracted from pineapple leaves and purified via the bisulphite addition-product, demonstrated the presence of an enzyme system, capable of converting indole acetaldehyde to indoleacetic acid, in breis and protein preparations obtained from pineapple leaf bases. WILDMAN et al. (17) failed to obtain any conversion of indole acetaldehyde to indoleacetic acid by enzyme preparations from spinach leaves, altlhough such preparations produced indoleacetic acid readily from tryptophan. As already pointed out by GORDON and NIEVA (6) , however, the synthetic preparation of indole acetaldehyde used by WILDMAN et al. (17) probably contained very little, if any, of the desired aldehyde.
Since indole acetaldehyde seems to be the immediate precursor of indoleacetic acid in the biosynthesis of this auxin, a method for the determination of indole acetaldehyde in plant extracts would be highly desirable. This aldehyde, however, lhas not yet been prepared in the chemically pure state; so we are unable to construct a standard activity curve, relating biological effect, such as curvature in the Avena test, to actual concentration of indole acetaldehyde. Amounts of indole acetaldehyde have been expressed in terms of amounts of indoleacetic acid obtained after treatment of the preparation or extract with soil (5, 6, 9, 10, 15) . Owing to losses occurring during the treatment this procedure is unsatisfactory. Since indole acetaldehyde does produce curvatures in the Avena test these curvatures can be compared with curvatures produced by pure indoleacetic acid. As an arbi-PLANT PHYSIOLOGY lent" (11) , defined as the amount of aldehyde which has the same effect in the Avena test as one y of indoleacetic acid when tested at such a dilution that the resulting curvatures are _ 15°(or with water-cultured test plants _50).
In the previous study of enzymatic conversion (11) , it was found that treatment of one y-"equivalent" of indole acetaldehyde with coleoptile juice gave rise to the formation of approximately 5 y of indoleacetic acid. (Indoleacetic acid is not inactivated by coleoptile juice.) This means that one y-"equivalent" of the aldehyde weighs at least about 5 y, but since it is unknown what losses of aldehyde may have occurred the 5 y is a minimum value. The main purpose of the present study was to estimate the absolute weight of one .y-"equivalent" of indole acetaldehyde through a determination of the amount of acid growth substance which can be recovered from a known amount of aldehyde after treatment with coleoDtile juice. Because pure indole acetaldehyde is still unavailable, crystalline naphthalene acetaldehyde was used as a model substance. Naphthalene acetaldehyde has been shown previously to be active in the Avena test (10) , the pea test (14, p. 298) , and a root-inhibition test (1). ASHBY (1), working in this laboratory, showed that juice expressed from roots of Artemisia absinthium contained an enzyme system capable of converting naphthalene acetaldehyde to naphthaleneacetic acid.
Material and methods Preparations of tryptophol and 1-naphthalene acetaldehyde were obtained through the courtesy of Dr. K. A. Jensen One half ml. of a saturated (0.95 M) solution of sodium bicarbonate was added. The alkaline solution (pH = 9.4) was shaken with three successive 9-ml. portions of peroxide-free ether. The ether, containing the unconverted aldehyde, was made up to 25 ml. The alkaline, aqueous phase was acidified (to pH = 2.2) with 0.6 ml. 1 N HC1 and again shaken with three successive 9-ml. portions of ether which was then made up to 25 ml., constituting the acid fraction. (In control experiments with pure naphthaleneacetic acid 95% was recovered by shaking at a pH-value of 2.2 and 91% at a pH-value of 1.2.) In general three or four aliquots from each ether fraction were tested in the Avena test on different days at concentrations yielding curvatures on the ascending part of the standard curves ( fig. 1) .
Results The main results are given in table I which shows that naphthalene acetaldehyde(disappears very rapidly when diluted coleoptile juice is added.
Simultaneously, a considerable amount of acid growth substance, undoubtedly naphthaleneacetic acid, is formed. If the number of moles of acid formed is divided by the number of moles of aldehyde which have disappeared the figures listed in the last column of table I are obtained. The mean of these figures is 0.48 which means that one mole of acid is formed per two moles of aldehyde which disappear.
A number of control experiments were also made. The auxin content of the coleoptile juice was determined. No neutral growth substance was found; but the juice contained an acid auxin which, when calculated as indoleacetic acid, was present in the amount of 0.011 y per ml. of undiluted juice, corresponding to 1.7 x 10A4 y per 25-mm. coleoptile. This figure agrees with values obtained by THIMANN (13) and WILDMAN and BONNER (16) . The natural auxin present in 1 ml. of sixfold diluted juice will simulate the effect of 0.017 y or 0.090 moles x 109 of naphthaleneacetic acid. This amount is negligible as compared with the quantities of growth substance added. If the conversion of naphthalene acetaldehyde to acid is enzymatic, no conversion should take place in boiled coleoptile juice. Table III shows the results of experiments with diluted coleoptile juice which had been boiled for 20 minutes. Practically no acid was formed; but it was impossible to recover all of the added aldehyde when present at low concentrations. At the highest concentration of aldehyde tested no loss occurred.
If a mixture of aldehyde solution and fresh coleoptile juice is shaken out with ether immediately after mixing, it might be possible to recover all of the aldehyde, unconverted. Attempts to recover the added aldehyde at zero time, however, yielded results (table III) very similar to those obtained with boiled coleoptile juice. As expected, practically no acid was found at zero time; but it was impossible to obtain a 100%o recovery of the aldehyde at low concentrations. The probable causes of the loss will be discussed later. There is no loss of acid. The ratio of one mole of acid formed per two moles of aldehyde suggests that the conversion process may be a dismutation in which equivalent amounts of alcohol and acid are formed. The possible interference with the Avena test of the alcohol thus formed was studied with indole-ethyl alcohol (tryptophol) because naphthalene-ethyl alcohol was not available. Tryptophol, which has been shown previously to have a very slight activity in the Avena test (10) and the pea test (14) , was required at a concentration of 200,000 y/l. to give a curvature of 5°in the Avena test. Hence, the activity of tryptophol is only 0.005% of the activity of indoleacetic acid, or 0.05% that of indole acetaldehyde. The maximum curvature which tryptophol can produce is 8.5", and 450,000-y/l. are required to give this angle. Since the activities of naphthalene compounds in the Avena test have always been found to be lower than those of the corresponding indole compounds, there is good reason to believe that naphthalene-ethyl alcohol, if active at all, will .show a still lower activity than tryptophol in the Avena test. The growthpromoting activity of the quantities of alcohol possibly formed in the conversion experiments, therefore, is negligible as compared with the amounts of acid and aldehyde involved. Since the neutral and acid growth substances were separated before bio-assay, any alcohol present would interfere only with the determination of the aldehyde, not the acid. The possibility that the alcohol formed might have an inhibitory effect in the Avena test was tested with mixtures of tryptophol and indole acetaldehyde. The concentration of the latter was determined by bio-assay, using the factor of 9 (see later) for a conversion of y-"equivalents" to actual y. It The amount of aldehyde initially present per test tube in the conversion experiments was determined by bio-assay of a sample of the aldehyde solution to which no coleoptile juice had been added. The amount of aldehyde which had disappeared was computed as the amount initially present minus the amount recovered. The data presented in table I show that at any moment, after 15 minutes have elapsed, there is present in the solution an amount of naphthaleneacetic acid which is very close to one half of the amount of aldehyde that has disappeared. The question now is whether all of the aldehyde which has disappeared was actually functioning as a substrate for the conversion enzyme. In attempts to recover the aldehyde immediately after addition of fresh coleoptile juice, it was found that part of the aldehyde had disappeared (either instantaneously or during the first shaking with ether, which lasts four minutes) without giving rise to the formation of acid growth substance. The aldehyde showed a similar behavior during a prolonged treatment with boiled coleoptile juice. Various explanations for the loss of recoverable aldehyde may be offered. The loss may in both cases be the result of an adsorption of aldehyde to protein in the juice or of a specific reaction between aldehyde and protein or other constituents of the juice leading to fixation of aldehyde. A highly probable explanation in the case of fresh coleoptile juice is that the aldehyde combines with the enzyme faster than the acid is released and that it is impossible to remove the aldehyde from the enzyme-substrate complex with ether. It was shown by STERN (12) that catalase and monoethyl hydrogen peroxide form an enzyme-substrate complex within a few seconds after mixing, while the enzymatic breakdown of this complex requires minutes. CHANCE (4) studied the kinetics of the formation and enzymatic breakdown of the peroxidase-hydrogen-peroxide complex and found (4, fig. 6 ) that the formation of the enzyme-substrate complex took place in a fraction of a second, whereas the breakdown required several seconds, the actual time depending on the concentration of the oxygen acceptor (ascorbic acid). When the concentration of ascorbic acid was 2.9 M x 106, slightly lower than that of the substrate, 50% of the enzyme-substrate complex was still present after ten seconds. If the enzymatic formation of naphthaleneacetic acid from the aldehyde is a dismutation, the aldehyde itself functioning as an acceptor (here hydrogen acceptor), one would actually expect a relatively long life of the (hypothetical) enzyme-substrate complex in the experiments reported here, because the concentration of acceptor was low.
The loss of aldehyde in the experiments with boiled coleoptile juice is perhaps not comparable with that occurring when fresh juice was used, because the aldehyde was incubated with the boiled juice for a prolonged period of time. The possibility exists, however, that the denaturated enzyme is capable of forming a complex with the aldehyde, but not to convert it into alcohol and acid. Figure 2 shows the effect of computing the amount of aldehyde disap. pearing on the basis of the amount recoverable at zero time. On this basis the molar yield would be decreasing with increasing amounts of aldehyde converted. Such a decrease seems rather unlikely and, together with the above considerations, makes the assumption that all of the added aldehyde was available to the conversion enzyme appear the more probable one.
For further studies of the mechanism of the conversion, the use of partially purified enzyme preparations will probably be advantageous. Such preparations might also be used for routine conversion of indole acetaldehyde to indoleacetic acid before bio-assay of impure plant extracts, a pro- cedure suggested by Dr. S. A. Gordon, who found that lyophilized coleoptile juice and fractions precipitated by alcohol, acetone or ammonium sulphate contained the active enzyme system (unpublished results).
Even though the results still leave some doubt in regard to the mechanism of the enzymatic conversion they are adequate for the principal purpose of the present study, viz., to determine the weight of one .y-"equivalent" of indole acetaldehyde. The calculation of this value requires only determinations of the actual yields of acid per unit of aldehyde disappearing during the experiment, and these yields are quite constant for a given aldehyde (table I and fig. 2 ). Except for the use of a more dilute coleoptile juice, the I _,lo-_____ 1_- experiments with naphthalene acetaldehyde were carried out in the same manner as the experiments with indole acetaldehyde previously reported (11) , which showed that one y-"equivalent" of indole acetaldehyde yielded on an average 4.9 y of indoleacetic acid by identical treatment (compare fig. 2 ). Again the yield is based upon bio-assay of the amount of aldehyde added, not on the amount recoverable at the so-called zero time. The amount of 4.9 y is equivalent to 28 moles x 10-9 of indoleacetic acid. Making the reasonable assumption that 2 moles of either of the two aldehydes yield one mole of acid under the influence of the enzyme system in coleoptile juice, it may be concluded that the 28 moles x 10-9 of indoleacetic acid origi-nated from 56 x 109 moles or 8.9 y of indole acetaldehyde. One aldehyde, however, the main reason for the low activity reported in the previous study was the presence of impurities in the preparation.
If the activity of each of the acids is set at 100, the activities of indole-, naphthalene-, and phenyl-acetaldehyde are 11, 6 
